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TESTS OF ARTIFICIAL FLIGHT AT HIGH ALTITDOES, 

toy 

■ Dx. Axtbux GrajcLenwl-ts. 



If wa wish to fozm an aoouxate Idea of the extxaordi- 
naxy pxogzeaa aohlaved In aexonautlos, a oompaxlson xouet be 
nade of the latest altitude xecoxds and the flguxea xegaxded 
as the highest .attainable limit some ten yeaxs ago. At that 
pexlod. It was not possible to ollmb hlghex'than a few hun- 
dred Oieters; nowadays » flight altitudes of 6000 to 8000 xniSt- 
exB axe no longex unusual, while altitudes of 9000 to 10000 
metexs and In one oase of even 11000 metexs have also been 
attained. 

At these high altitudes, the alx is so extxeoiely raxe- 
fied (1/5 at 11000 m.> fox instance) that it no longex con- 
tains Buffioient oxygen fox the xequixements of the fauxnan 
body, and reoourse xsust thexefoxe be had to axtlfiolal inha- 
lation of oxygen. 

It is deslxable, fox two xeasons, tbat we should be 
able to define the limit of the altitudes that can be xeaehed 
without this axtlfiolal aid. Fixst of all, we oust know to . 
what pxeoise extent the human body can enduxe the inhala- 
tion of xaxefled alx, lacking in oxygen, without txsnsitoxy 
ox pezmanent detximent to the health. Secondly, the mental 
capacity of the 'avlatox mixst be tested ait high altitudes 
and the limit known below vhioh he is able to make xeliable 
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cbsaxvationB withoui; being artificially eupplied irlth oxygen. 

This task has oeen undertaken lay Dr. EOSCHEL (M.D. and 
- Ph. D.. .) m Berlin.^. At . considerable risk to his own Health, 
he la endaavoxing to solve both problems and has made speolal, 
InTestigatlons of the mental aohieTements of men remaining 
for any length of time in rarefied air. 

Dr. SOSCHEL had previously carried out medical tests 
in a free balloon (up to an altitude of 9000 m. ) and he has 
continued those tests of late years in an airship, in an 
airplane, under a parachute and finally in a pneumatic cham- 
ber. There is an advantage in the tests made In the pneu- 
matic ohamber through the absence of moral excitement, which 
is unavoidable under any other oondltions; and alterations 
can also be easily made in the test conditions. 

In the pneumatic chamber shown in the illustration, 
the requisite rarefaction of the air is effected by means 
of an air -pump. Up to the rarefaction equalling an altitude 
of 7500 ffl. , Dr. KOSCHEL was assisted by several colleagues, 
all of whom, with the single exception of Army Dr. WULLEN- 
WEBER, inhaled oxygen from time to time £tom 7000 m. , an 
observer reqairing oxygen from 4500 m. upward. 

By the time the rarefaction equalled that of an alti- 
tude of 8000 m. , which is generally considered as the first 
stage of the danger zone for human life. Dr. KOSCHEL was 
the ozay remaining test subject. 



Belsg auzloua to preolude any shadow of doubt concern- 
ing the t98t8. Dr. 5D8CHEL bad himself shut up in the ohas- 
ber without an oxygen-'lzihaler.- was then..ob,8ery.ed through 
the window shown in the illustration^ 

The following observations were Imposed on the observer 

If the subjeot should become unoonscious, an attenqpt 
must first be made to arouse him by knocking on the iron 
wall of the chamber. Should this fail to awaken him within 
half a minute to a minute, or If more serious symptoms - 
Buoh as cramp - are evinced, aid must be rendered by grad- 
ual densifloatlon of the air, after a short observation has 
been made of xhe patient's condition. 

During one test. Dr. KOSCHEL became profoiudly unoon- 
soious three times at an altitude of 6000 m. , besides hav- 
Izig a bad attack of cramp. 

The most important points gained from the tests, with 
regard to mental effort during a more or less prolonged 
stay at a high altitude « In rarefied air, may be summed i:p 
as follows: 

Up to an altitude of 5500 m. , no serious derangements 
were observed excepting a certain lassltiide .and disinclina- 
tion for work. At 60^0 m. , the concentration, of one of ths 
men declined considerably, and the same effept was notice- 
able in the others to a less degree. 

At 7000 m. , the mental, capacity of all the men deter- 
iorated greatly in respect of test requirements.. At 8000 m. 
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Dr. KOSCHEL could noxTc only fox sboxt periods, akfter vhlcli 
he beoane unoonsclous, oad his acblevements rore very bad 
oh' all "the point B tasted; " Whenever the air was rarefied after 
ten^oxaxy densifloatlon as a preventive measuxe against symp^ 
toma of motantaln-alokneaa, the same low standaxd of mental 
power was evlnoed, and at a still lowex altitude. 

The oapaolty of the 8ub;}ect fox oonoentxatlon was thor- 
oughly teated, the earliest ayaqptoaia of mountaln-alckneas 
being lassitude and oonsaquent want of attention to the task 
In hand, whloh would obviate any high degree of mental ac- 
tivity suoh as the oomblnatlon ox aasoolatlon of Ideas^ etc. 

Bourdon's ayetem of bloolclng out lettexs wae uaed In 
the teat a of oonoentxatlon and voluntairy effoxt, the xeaults 
of which oould therefore be definitely atated In numerloal 
texma. Capacity fox concent xat Ion wae modexate at 6000 a. , 
and It detexloxated gxeatly at 7000 m. Measurement a taken 
fox this, aa fox othex mental achievement a « ahowed that all 
the men undex teat recovexed in a slmllax way, - slowly in 
the oase of inoxeased alx density, abmaptly when oxygen 
was supplied fox Inhalation. It waa fuxthex pxoved that a 
prophylaotlc oxygen Inhalation of two mlnutea' duration at 
an altitude of 7000 m. would auffloe to maintain the mental 
oapaolty of the men at a fair atandard during the suoceedlng 
ten mlznitea. Thla experience waa of great Importance for 
the CLlrahlpa of the German Navy. 



At an altitude of 7000 m. , the men nere still able to 
ooaatruot a ssntenoa of three oooponente, tut none of thorn' 
-^oould number alx component a in saooesaipn aooording to the 
aenae. This aurprialng result is probably due to the faot 
that ooly a quiok glaaoe and a rapid oonoeption are needed 
for the oonatruotion of a aentence, while the enumeration, 
of the alx ooaqponanta demaada the prolonged and repeated 
compariaon and oonaideration of the aiogle oomponenta. 
Even the oopying of a ro« of eight figurea or eight letters 
oould not be oorreotly done by any one of the men at an al- 
titude of 7000 m. UlBslng ayllablea aere ru.pldly and oor- 
reotly inaerted in an unknown teat by one of the men« at 
4500 m,; at 8500 m. , only 5/d of the teat waa filled in, 
though with few mistakes, in the same length of tidse. Half 
the <BOrk only was done - and that very badly - at 7500 and 
7000 m.; at 3000 m. , only a few odd syllable s were inserted, 
regardleaa of the aense of the text. 

The oapaoity for written expreeaion was partioularly 
affeoted. Apart from the faot that the writing beoame worse 
and worae from 6500 m. onward', lettera, words or portions 
of wor&a were repeated and lettexa miaplaoed at 7000 m. ; at 
8000 m. , aenael^'sa oombinationa of lettera and syllables 
(agraphia) were notioeable* 

Note* made by thr men duxi^ the teat, giving a oontin- 
uoua aodount of their petaonal sensations, eto., frequently 
showed signs of some predominating idea, whioh involuntarily 
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reourred and oonstantly reappeaz^d in a whole series of 
sentencas. The oommenoement of a fainting-fit, cr of an 
attaolE of ozamp, vas evinoed by Budden sbekkinesB or inter- 
ruptions in the inriting. 

Capaolty for observation began to staoir derangexaent as 
Ion as some 6000 m^, and it iuoreased considerably at 8500 m. 
The oapaoity for reoolleotisg events that had ooourred be- 
fore the test, and ^eoially-aoquired knovledge, ims ex- 
tremely lov at 7000 ffl. After the test. Blight reoolleotion 
was sbocm of tdxat had transpired at 6C00 m. , 9hile there 
raas still lighter recollection of events at higher altitudes, 
and even xhen, it could not be recalled later on arithout 
great difficulty. 

excited state of mind, similar to that produced by 
alcohol intoxication, nae extremely marked at altitudes 
above 7000 m. 

After a test lasting from one and a half to two hours, 
during irhich time Or. EOSCBEL remained at 8000 m. several 
times and stayed one hour at 7000 m. nlthout oxygen, he be- 
gan to ah03 symptoms of serious derajogement of the passages, 
similcbT to those observed in patients at an advanced stag^ 
of dorsal disease, besides other symptoms. The derangement 
lasted about ten minutes, the other symptoms disappearing 
so^e hours later. 

The rapidity nith nhioh Dr. XOSCBSL effected the trans- 
ition frojn one altitude zone to another is most remarlcable. 



He was able to exiduxe rarefekOtlon up to 4000 m, wltbin 8. 
minutes, to 5000 m. in 4 minutes « and to 6000 m. In 8 min-r 
utes without axiy Inbonvenienoe . " Bs oould also, on the other 
hand, endure densif ioation from 7000 m. to ground level in 
3 minutes, 30 seconds, (and densif ioation from 5000 m. to 
ground level in 3 minutes In another test, whioh coxreqponds 
to a paraohute velooity of 41 m. per second) though this 
cCuld be done only after special training in the voluntary 
opening of the Eustaohlaua tubes. 

The aviator who has learned to adapt his jrespiration 
is capable of climbing to an altitude of about 6500 m. 
without much subjective inconvenience. 

Bu^Jeotive well-being is« however, no stsindard fox. the 
actual integrity of the mental capftcity. This Is one of 
the most ii^portant of the results obtained, and it was for 
his aoxTc on the aubjeot that the degree of Ph.D. was oon- 
f erred on Senior Ariny Doctor XOSCHEIi. 

If hie observations are to be of any value, the aviator 
uurst therefore inhale oxygen at an altitude of eoOOgt. in 
flights of short duration, and at 5000 m. at latest In longer 
flights. 



